García-Ripollés C., López-López P., Urios V. 2011. Ranging behaviour of non-breeding Eurasian Griffon Vultures Gyps fulvus: a GPS-telemetry study. Acta Ornithol. 46: 127-134. DOI 10.3161/000164511X625892 Abstract. Little is known about the spatial ecology and ranging behaviour of vultures in Europe. In this paper we used GPS satellite telemetry to assess home-ranges of eight non-breeding Eurasian Griffon Vultures in Spain, trying to answer the main questions on when (i.e. the time of the day), how far (i.e. hourly and daily distances) and where vultures range (i.e. home-range size). Results indicated that vultures ranged extensively mainly in areas where traditional stock-raising practices and pasturing were still common, also including some vulture restaurants, which were visited occasionally. Eurasian Griffon Vultures concentrated their hourly and daily movements in the middle of the day, when the availability of thermal updrafts was higher, favouring foraging activities. The overall foraging range, calculated as Minimum Convex Polygon (MCP) (7419 km 2 ), or as 95% and 50% kernel contours (4078 km 2 and 489 km 2 , respectively), was higher than those reported in previous studies. The precise knowledge of the ranging behaviour and spatial parameters is particularly important for the conservation of scavenger species inhabiting human-dominated areas where human activities may jeopardize vulture populations in the long term.
INTRODUCTION
To date, Spain holds more than 95% of the European population of the Eurasian Griffon Vulture Gyps fulvus, and still maintains one of the healthiest populations of the scavenger guild all over the world (Ferguson-Lees & Christie 2001 , Del Moral 2009 ). The Eurasian Griffon Vulture population has experienced an overall increase in the Spanish stronghold, where it has increased from 2283 to 25541 breeding pairs between the first censuses carried out in late 70s until present (Del Moral 2009 ). The species is globally and regionally catalogued as "Least Concern" (Del Moral 2009 , BirdLife International 2011 . Habitat loss, rural abandonment, intensification of farming practices, and rising of non-natural mortality caused by poisoning (Gangoso et al. 2009 ), pollutant ingestion (Hernández & Margalida 2008 , Lemus et al. 2008 ) and collision with wind-farms (Tellería 2009 , Martínez-Abraín et al. 2012 , are the main threats to vulture populations (García-Ripollés & López-López 2011) .
Traditionally, Spanish farmers have dumped organic remains of dead cattle in the so-called "vulture restaurants" or "supplementary feeding stations". Vulture restaurants are broadly distributed all over inner Spain, mainly close to traditional livestock areas, and are commonly located in remote regions , review in Donázar et al. 2009 ). Although there are geographic variations in the management procedures, vulture restaurants normally work all over the year (at least in the study area) and the contribution of carrion is continued, varying usually from weekly to fortnightly. However, since the outbreak of the neurodegenerative disease in cattle, Bovine Spongiform Encephalopathy (BSE), mandatory regulations of the European Union led to the temporary closure of existing vulture restaurants in order to avoid the likely risk of transmission to humans (the Creutzfeldt-Jakob disease). Consequently, owing to this temporal food shortage, the populations of scavengers seem to have been affected, with survival and breeding success being reduced (CamiZa & Montelío 2006 , Martínez-Abraín et al. 2012 .
The Eurasian Griffon Vulture is a long-lived species characterised by delayed maturity, longlifespan and low reproductive rates (FergusonLees & Christie 2001) and most of the studies have focused on breeding ecology of the species (e.g. Olea et al. 1999 , García-Ripollés et al. 2005 , Van Beest et al. 2008 . However, little is known about ranging behaviour and spatial parameters. This is key to help managers to improve conservation measures aimed at combining the maintenance of scavengers' populations with sanitary legislation, as well as for the installation of wind-farms, which also constitute a potential source of mortality (Tellería 2009 , Martínez-Abraín et al. 2012 . Traditional ringing schemes and radio-tracking studies have shown that the species ranges extensively, particularly juveniles (e.g. Elosegui & Elosegui 1977 , Bahat et al. 1993 , Griesinger 1998 , Bahat 2001 , Gil et al. 2009 , Xirouchakis & Andreou 2009 ), but accurate data about Eurasian Griffon Vulture's spatial ecology and ranging behaviour still remains unknown (Mundy et al. 1992 , Donázar 1993 , Ferguson-Lees & Christie 2001 . The first available data regarding Eurasian Griffon Vulture ranging behaviour were based on Argos satellite tracking of one juvenile tracked experimentally in the early 90's, when satellite tracking was still a promising method (Berthold et al. 1991) . This bird was tracked over a two-month period from late September to late November 1990, covering a total distance of 2000 km from the breeding ground in the Pyrenees to the eastern coast of Spain. Since then, only a few papers based on Argos satellite tracking of Eurasian Griffon Vultures have been published , McGrady & Gavashelishvili 2006 . However, to the best of our knowledge, the available literature does not report the satellite tracking of Eurasian Griffon Vultures based on accurate Global Positioning System (GPS) locations so far. The main improvement of GPS satellite tracking is that it provides more accurate locations than Argos technology (Argos 2011), and therefore it gives rise to address old questions which still remain unsolved.
This paper presents data of GPS satellite tracking of eight Eurasian Griffon Vultures in Spain. Our aim is to provide information on ranging behaviour of Eurasian Griffon Vultures, trying to answer the main questions on when (i.e. the time of the day), how far (i.e. hourly and daily 128 C. García-Ripollés et al. distances) and where vultures range (i.e. homerange size). We also provide information about frequently-used roosting places and their relationship with the vulture restaurants located in the study area. Finally, we discuss our results in relation to previous studies about banded and tracked birds.
METHODS
Seven adults and one subadult Eurasian Griffon Vultures were equipped with satellite platform transmitter terminals (PTTs) ( Table 1) . Birds were aged according to plumage characteristics (Ferguson-Lees & Christie 2001) . Blood samples were not taken during the vulture trapping so molecular sexing could not be carried out. All birds were non-breeders according to fieldwork. Six birds were captured on April 2007 and two birds were captured on October 2009 in a vulture restaurant (40°33'N, 0°13'W) located in the Cinctorres district (Castellón province, East of Spain), using a remotely activated cage built ad hoc. In all cases, a Microwave Telemetry's 70g solar-powered GPS-PTT was fixed to their backs using a Teflon harness sewed with a cotton ribbon to allow birds to lose the harness after the end of the PTT's life cycle (García-Ripollés et al. 2010 ). The PTTs were programmed to record one GPS position per hour from 07:00 to 21:00 hours (local time) for the whole annual period.
Hourly flight distances were obtained by calculating the straight-line distance between consecutive locations (segments) that were separated by one hour within the same day. Daily activity (i.e. a measure of daily activity) was computed as the frequency of segments for which an effective movement was recorded, this is, movements further away of the nominal accuracy of the GPS (± 25 m). We also calculated the daily distances covered by the Eurasian Griffon Vultures as the sum of straight-line distances covered between consecutive locations in the same day. Since the daily distance correlates strongly with the number of fixes recorded (R 2 = 0.21, p < 0.0001), we only used days with at least (N + 1) locations for computing, where N is the median number of locations separated by one hour obtained for each day (in our case N = 5) . We used the non-parametric KruskalWallis test to explore hourly and daily differences in distances covered among individuals (Sokal & Rohlf 1994 ).
We estimated the vultures' home-range by means of a kernel density approach (Kenward 2001) . Home-range analyses were performed with the "Animal Movement" extension for Arcview 3.2 (Hooge & Eichenlaub 1997) . Fixed 95% and 50% kernel density contours were calculated to estimate home-ranges (Fieberg 2007) . Least Squares Cross Validation method (LSCV) was used to calculate the smoothing parameter (h) (Silverman 1986 ). Additionally, we also calculated the overall median foraging range as the Minimum Convex Polygon (MCP) encompassing all GPS locations obtained for each bird (Worton 1989) . These estimates were computed to facilitate comparisons between studies and regions (Vasilakis et al. 2008 ). Individual's data were partitioned among seasons of the year (i.e. spring, summer, autumn and winter). Then, we used a Kruskal-Wallis test to explore differences: (i) among seasons of the year, pooling data of all individuals; and (ii) among seasons of the year within individuals (Sokal & Rohlf 1994) . Differences between age classes were not computed due to low sample size (six adults vs. one subadult). Statistical analyses were computed in Statistica 6.0. (StatSoft Inc, www. statsoft. com). Significance level was established at p < 0.05.
Nocturnal roosting places were obtained by filtering the early morning locations for each day (from 07:00 to 09:00 h). A roosting place was considered re-used when it was visited at least three times in non-consecutive days. The distance from frequently-used roosting places to the closest vulture restaurant was also computed. Cartography was elaborated in ArcMap 9.2 (ESRI Inc., www.esri.com).
RESULTS
During the study period a total of 2122 GPS locations were received (Table 1 . The other birds ceased transmission for unknown causes: four birds in Teruel province, one in Zaragoza, one in Ciudad Real and one in Castellón province. In two cases, the PTTs were found on the ground and were sent for refurbishment to the manufacturer. These PTTs were those fitted to the vultures #7 and #8 in 2009. Eurasian Griffon Vultures covered median hourly distances ranging from 0.39 to 3.95 km ( Table 1) . The maximum distances covered in an hour ranged from 19.72 to 48.38 km (Table 1) . There were significant differences in the hourly distances among individuals (Kruskal-Wallis test: H 7,885 = 43.14, p < 0.001). Although Eurasian Griffon Vultures occasionally perform long-distance movements, 68.5% of the hourly movements did not exceed 5 km and only 10.7% were larger than 15 km (Fig. 1a) . The median daily distances ranged from 2.79 to 47.62 km, and the maximum distances covered in a day ranged from 37.17 to 119.98 km (Table 1 ). There were significant differences in the daily distances among individuals (Kruskal-Wallis test: H 7,137 = 39.68, p < 0.001). Regarding daily activity, both the longest movements and the largest proportion of longdistance movements (66.78%) took place between 11:00 and 17:00 h, corresponding with the peak of daily activities (Fig. 1b) . There were individual differences in the daily activity (Kruskal-Wallis test: H 7,885 = 14.38, p = 0.045). Although nocturnal data were not recorded, the locations obtained in early morning and in late evening suggested no nocturnal movement.
The overall median foraging range, calculated as MCP, for the eight Eurasian Griffon Vultures was 7419 km 2 (inter-quartile range, IQR: 2818-15691 km 2 ). For the 95% and 50% kernel contours, medians were 4078 km 2 (IQR: 613-8075 km 2 ) and 489 km 2 (IQR: 94-810 km 2 ), respectively (Table 1) . With data of all individuals pooled (n = 8), there were no differences in home-range size (according to 50% kernel) among seasons of the year (Kruskal-Wallis test: H 3,20 = 3.61, p = 0.307). Nevertheless, significant differences in seasonal home-ranges (according to 50% kernel) were found among individuals (Kruskal-Wallis test: H 7,20 = 15.72, p = 0.028).
The seasonal overlap in home-range within individuals (according to 50% kernel) was low or inexistent (median = 0.00, IQR: 0.00-4.27) for seven individuals (vultures #1-6 and #8). In only one case (vulture #7), the seasonal overlap in home-range was high, ranging from 4.56% to 86.13% (median = 23.62, IQR: 5.12-37.82).
There were 16 vulture restaurants located across the area encompassed within the vulture home-ranges, 12 located in Teruel province and 4 in Castellón province. The average distance among them was 71.53 km (SD = 39.20, . Eurasian Griffon Vultures made use of many different roosting places, but re-used frequently an average of four roosting places per bird (range = 1-10). The average linear distance from these frequently-used roosting places to the closest vulture restaurant was 14.05 km (SD = 10.78, range = 1.14-54.55, n = 32) and did not differ among birds (Kruskal-Wallis test: H 7,32 = 9.75, p = 0.203). In some cases, satellite-tracking data showed how vultures were temporarily linked to a particular vulture restaurant, not always matching with food availability (authors' personal observation). This was for example the case of the subadult vulture #7, which remained long periods in the nearby of a particular vulture restaurant, without getting more than 1.5 km away from it. 
DISCUSSION
Median and maximum daily distances obtained for the eight Eurasian Griffon Vultures tracked by GPS satellite telemetry were similar to those reported in previous reports. For example, Glutz et al. (1971) reported daily distances between 50-60 km; Elosegui & Elosegui (1977) between 25-75 km; Arroyo & Garza (1995) between 20-80 km; and Gil et al. (2009) between 2-24 km. It should be taken into account that these studies were based on direct observations, banding recoveries or terrestrial radio-tracking, which may lead to some biases in the estimates of home-ranges and spatial parameters (Bosch et al. 2010) . Our results show that birds wait until central hours of the day when thermal updrafts are available, thus concentrating their daily movements between 11:00 and 17:00 h. In fact, other studies have reported that Eurasian Griffon Vultures allocated an average of 7.6 ± 1.1 hours/ day to food searching (Xirouchakis & Andreou 2009) . Eurasian Griffon Vultures combine soaring on thermals to gain height, alternating with periods of gliding for displacing (Spaar 1997) . The use of thermals has also been reported to account for higher flying activity at midday in a number of raptor species (Spaar 1997 , García-Ripollés et al. 2010 .
Our results indicate that vultures range extensively across vast regions in Eastern Spain, encompassing large areas of the Maestrazgo region, between Teruel and Castellón provinces (Fig. 2) . Traditional stock-raising practices and herding are still common in this region , García-Ripollés et al. 2005 , which still preserves a large portion of the Eurasian Griffon Vulture population in Spain (Del Moral 2009) . It has been suggested that the maintenance of traditional farming practices and pasturing is key to preserve the species across its distribution range (Olea & Mateo-Tomás 2009) . Although occasionally, in certain regions, the presence of wild ungulates could constitute an important food resource for avian scavengers (Margalida et al. 2011) , their role as a food source in the vulture diet remains largely unknown in our study area. The lack of a much higher sample size, the limited duration of PTTs' batteries and the unknown sex of the individuals constitute limitations preventing us from deeper analyses. For example, the effects of how the temporal closure of some vulture restaurants (from April 2006 to October 2007, in the case of Castellón province) affected ranging behaviour did not led to conclusive results, according to a preliminary analysis. In fact, at least one vulture restaurant continued dumping carcasses illegally (author's personal observation), thus allowing food availability in the study area.
The overall foraging range, as calculated as MCP, or as according to 95% and 50% kernels, was higher than those reported in previous studies. For example, Xirouchakis & Andreou (2009) reported range sizes ranging from 390 to 1300 km 2 (according to 100% MCP), and 380 km 2 -64 km 2 according to 95% and 50% kernel, respectively; whereas Gil et al. (2009) reported maximum home-ranges between 23-161 km 2 . By contrast, the home-range size reported here was lower than those reported for satellite-tracked Cape Vultures Gyps coprotheres in Namibia, which were 21320 km 2 for adults and 482276 km 2 for juveniles (Bamford et al. 2007 ). Differences in home-range size could be explained by the availability of suitable habitat for foraging, individual's age and sex, as well as the method used for tracking. In fact, Eurasian Griffon Vultures usually forage within a few kilometres from their usual roosting places (14.05 km in this study), which were very similar to the distances reported in Gil et al. (2009) . Occasionally, Eurasian Griffon Vultures perform long-distance movements for foraging, particularly dispersing juveniles and subadult birds (Bahat 2001 , McGrady & Gavashelishvili 2006 . The longest displacement recorded in this study was the case of one adult vulture which moved from the Maestrazgo region (eastern Spain) to a vulture restaurant located in the Ciudad Real province (central Spain), 380 km away from the tagging site (vulture #2; Fig. 2 ). The displacement was carried out in 12 days, remaining in the area at least eight days until transmission signal ceased eventually.
Finally, this study provides a first preliminary insight of the spatial ecology of the Eurasian Griffon Vulture. Ongoing research projects will grant complementary information about breeding individuals and inter-sexual differences that will improve our understanding of the spatial ecology and behaviour of scavenger species. 
